We evaluate and analysis the efficiency of teaching research in Beijing universities. Conclusion: University scientific research efficiency of Beijing has fluctuations. The paper points out that University can adjust the investment allocation of resources to increase output and improve the allocation of education resources DEA effective degree when they were in comprehensive efficiency invalid cases.
INTRODUCTION
Universities in China have increased enrollment since the Ministry of Education formulated "Education Revitalization Action Plan Facing 21st Century" in 1999 [1] . The number of college graduates amounted to 6.6 million in 2011, which is eight times more than the number of college graduates in 1998 (before university enrollment increase) [2] [3] . Meanwhile, gross enrollment rate of China's higher education has increased from approximately 10% before university enrollment to 24.2% in 2009, indicating that nearly a quarter of the youth population are college graduates [4] . China has entered internationally recognized universal higher education phase. This is a big leap of social education system, which will inevitably lead to some new problems [1] , such as education quality decline caused by inadequate investment in education, difficult job hunting because of too many graduates and so on. Currently, studies on college graduates' employment difficulty due to the increased enrollment are the most [5] [6] [7] [8] [9] [10] [11] [12] [13] , and there are also some studies on the teaching quality problems caused by the increased enrollment [14] [15] [16] . It is worth noting that these educational issues are not all caused by university enrollment increase. In fact, China is increasing investment in education funding, teachers and other aspects every year. Therefore, how to make full use of the limited resources of universities and to improve the efficiency of running college is particularly important. As a multiple-input and multiple-output system, the relationship between input and output of universities is very complex, and each index is difficult to be measured by unified measuring unit. These features lead to greater difficulties in evaluating the efficiency of running colleges by using traditional costeffectiveness analysis method. As data envelopment analysis (DEA) method has good inclusiveness for index, needs not to know the function relationship between input and output and is better able to avoid the influence of subjective factors, it is increasingly showing its advantages in dealing with efficiency evaluation issues of such multiple-input and multiple-output institution like universities [17] .
The application of DEA method in the field of education was relatively earlier, and in 1974, Levin had discussed the measuring method of technical efficiency of education production [18] [19] . In 1983, Bessent et al applied DEA method to evaluate the efficiency of relevant education programs [18] [19] [20] . With the gradual maturity of DEA method, more and more researchers began to apply this method to explore the inputoutput efficiency of universities. For example, Abbotta et al applied DEA method to analyze the input-output efficiency of Australian universities [18] [19] [20] [21] . Flegg, Athanassopoulos et al applied DEA method to analyze the efficiency of Britain universities [18] [19] [20] [21] [22] . China's studies on the technical efficiency of universities of "985 Project" by applying DEA method are more, and there are also comparisons among the efficiency of universities across the country. The data of evaluation on the efficiency of Beijing universities still have not been found. As the capital, Beijing has numerous universities and is an important base to train high-level innovative talents, so it is necessary to study the running efficiency of universities in Beijing.
II. EDEA INTRODUCTION
A. Charnes and W. W. Cooper Professor, American operations researchers, first proposed DEA in 1978 [23] [24] . Based on relative efficiency, DEA applies mathematical programming model to evaluate the relative effectiveness or benefits between the data with multiple-index input and multiple-index output and the "unit" of the same type. It carries out multipleindex comprehensive evaluation of "relative advantages and disadvantages" of various sets of same samples according to a set of observations about multiple-input multiple-output. DEA has better inclusiveness for index, needs not to know the function relationship between input and output and is better able to avoid the influence of subjective factors. Annual input and output efficiency evaluation on Beijing Universities in this paper mainly uses the following two models: C 2 R model of
International Conference on Social Science and Higher Education (ICSSHE 2015) constant scale returns, and BC 2 model of variable scale returns [18, 25, 26, 27] .
III. ESTABLISHMENT OF INPUT-OUTPUT EFFICIENCY EVALUATION SYSTEM OF UNIVERSITIES
Input-output study includes both aspects of research and teaching, and input-output indicator system is selected through repeated experiments to conduct calculations. All the data are from "Beijing Statistical Yearbook".
A. Selecting Research Indicators
To conduct effective analysis on resource allocation of universities requires the establishment of a scientific and rational evaluation indicator system of input-output efficiency.
To ensure the scientific nature of input-output efficiency evaluation and analysis, it is necessary to find out valuable indicators in the variety of input-output indicator system. The selection of indicator refers to literature [27] , and there are two principles in the literature: first, the indicator data should be easily accessible; second, the number of indicators should not be excessive. To make the evaluation more scientific, under the premise of considering the actual significance of each evaluation indicator, third principle is added in the selection, which is, trying to choose uncorrelated variables as input variables. The method is to conduct factor analysis on the input variables selected (Table 1) to determine its relevance. To conduct factor analysis on input variables, the factor scoring matrix after rotation is shown in Table 2 . As can be seen from Table 2, the load of input variables   3  4  6  8 , , , x x x x on the first main factor is large, so it is considered that the correlation among these three variables is strong, thus removing the variable 4 x and only retaining variables 368 ,, x x x ; the load of input variables 1 2 5 7 , , , x x x x on the second main factor is large, thus removing the variable 5 , x and only retaining variables 1 2 7 ,, x x x , and as education income 8 x is retained, input variables 9 10 , xx cannot be retained for reducing variables. The reason for this process lies in that the actual meaning of the four main factors is less obvious, so the main factors are not applied to replace each input variable to conduct evaluation. The indicator system obtained is shown as follows. (SE <1) is invalid, and scale return is increasing ( irs). This shows that no investment needs to be reduced and no output can increase for the technical efficiency of universities in Beijing during these two years; the overall efficiency of the sample unit does not achieve effectiveness, because its size does not match its input and output; scale returns are increasing every day, so it is necessary to continue to expand the scale. Appropriately changing the proportion of investment, in order to achieve scale economy and scale merit of university. Teaching and scientific evaluation analysis shows (Table 4) only the overall efficiency in 2001 and 2002 (TE = 1) is invalid and the overall efficiency (TE) from 2003 to 2010 is 1, indicating that universities in Beijing gradually get rid of the effects of enrollment increase after several years of adjustment of resource allocation, and teaching and research are in DEA effective state, that is the output achieves the maximum in the case of minimum input. So seen just from the teaching perspective, are all these years in the most efficient state? In order to understand the teaching efficiency in these years, teaching indicators from 2000 to 2010 are re-selected for further analysis. Index system is shown in Table 6 , and the analysis results are shown in Table 7 . As can be seen from the results shown in Table 7 , although the comprehensive evaluation analysis of teaching and research after 2003 has reached the optimum, the analysis from the perspective of education index is not the case. Comparing the analysis results in Table 4 and Table 7 , after college enrollment increase in 1999, insufficient resources in teaching first appeared in 2000, so the teaching resources need to be increased and the scale should be enlarged (scale efficiency SE <1, returns to scale RTS is increasing, Table 4 ). Then teaching and research in 2001 and 2002 showed the same situation, that is, the overall efficiency is less than 1, DEA is invalid, scale efficiency SE <1, and RTS is increasing (Table 7) . It shows that, in addition to the lack of teaching resources in recent years and the need to increase investment to expand scale, in the aspect of scientific research, it is required to continue to expand the scale and make full use of resources, to improve research efficiency. After years of efforts, the overall efficiency of teaching and research during 2003-2007 has reached 1, which means the output reaches the maximum in the case of the minimum input, and the use efficiency of resource allocation reaches the optimum. But the teaching and research scale of these years should not be expanded, but be maintained in the current modest size (the technical efficiency is 1, and returns to scale are constant). However, the overall efficiency of 2008-2010 in teaching evaluation is less than 1, returns to scale are decreasing (Table  7) , but the pure technical efficiency is 1, and the problem obviously lies in that scale expansion causes diseconomies of scale.
IV. CONCLUSIONS
After the national undergraduate enrollment increase in 1999, the consequences are reflected immediately in the teach- The research results above show that the change in college enrollment will cause some effects on the teaching and research of universities, and these effects may appear in the future two to three years. Colleges can adjust the distribution of input resources and enlarge scale to increase output, and further enhance the DEA effectiveness of education resource allocation. However, we cannot blindly expand the scale, otherwise the scale efficiency would be invalid again, and the resources cannot be made full use.
Efficiency of universities is volatile, especially teaching efficiency. We should not be optimistic blindly. Universities should establish a reasonable evaluation system, to dynamically evaluate the efficiency of universities, prevent the waste of resources and the overlarge size of scale, promote the sus-
